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"If you would be pungent, be brief. For it is with words 




Dedicated to my Father, 




A liquid membrane technique was evaluated for the separ­
ation of the following feed systems: benzene-hexane, benzene-
heptane, and toluene-heptane. The feed was emulsified with 
an aqueous surfactant solution (saponin) and then contacted 
with heavy mineral oil. The resulting mixture was allowed 
to settle into three phases: an aqueous, a solvent, and an
emulsion phase. Finally, the products were distilled from 
the solvent and emulsion phases.
With this approach, the effect on permeation rate and 
separation factor of the more permeable component of each 







Based upon the results of the study, the following con­
clusions are presented:
a) The separation is effective for feed concentration 




b) A solvent-to-feed volumetric ratio of around 2.5- 
2.75 is required to achieve maximum separation.
c) The minimum amount of surfactant-to-feed volumetric 
ratio required to emulsify the feed is 0.75.
d) Increasing the surfactant concentration results in 
increasing the permeation rate and separation factor. How­
ever, at concentration greater than 0.9% by weight, the rate 
begins to decrease.
e) Both separation factor and permeation rate increase 
with increasing washing time up to 25 min and decrease 
thereafter.
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INTRODUCTION
Membrane separation processes are of considerable inter­
est in the chemical industry and the area of biomedical tech­
nology. These processes are important analytical tools 
because they allow separation of dissolved or suspended 
materials without a phase change. Among the numerous mem­
brane separation processes are ion-exchange, reverse osmosis, 
electrodialysis, donnan dialysis, and ultrafiltration. All 
these processes have one thing in common, and that is a fluid 
containing two or more components is in contact with one side 
of a selective membrane which is more permeable to one or a 
group of like components than to other components in the 
fluid.
Added to the list of these processes is the liquid mem­
brane technique. Unlike the other processes where solid 
membranes are used, this technique employs a liquid membrane 
formed by a dilute.surfactant solution to separate the com­
ponents of a liquid mixture. Although the technique can be 
used for separating both hydrocarbons and inorganic mixtures 
(2, 13, 1*0, the,present and previous studies (3, 4) have 
been focused mainly on separations involving liquid hydro­
carbons.
The process involves the following steps (2):
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a) Formation of liquid membrane around the feed drop­
lets. This requires emulsifying the feed in an aqueous 
surfactant solution.
b) Washing the coated droplets with a solvent to dis­
solve out the permeated component(s). Since this is not a 
solvent extraction process, the solubility of all the compon­
ents in the solvent must be the same.
c) Finally, separating the products from the solvent 
and emulsion phases.
In this study the technique has been used to separate 
benzene-heptane, toluene-heptane, and benzene-hexane systems 
using saponin as the surfactant and heavy mineral oil as wash
solvent. The effect of six variables:
1. Hydrocarbon feed concentration
2. Solvent-to-feed ratio




on two parameters, separation factor and permeation rate, 
were studied. The permeation rate is defined as the amount 
of the more permeable component (of the mixture) that is 
transferred through the membrane over a given time period.
In this study the more permeable component is received in 























Fig. 1-A : PROCESS SCHEME
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amount transferred, the concentration of the extract is 
taken as a measure of the permeation rate within the time 
period. Concentrations are expressed in mole fractions.
For the reader who is interested in using weight and volume 
fractions, calibration curves for these units are presented 
in Appendix B.
For further reading on liquid membrane processes and 
other membrane separation processes, consult references 1, 
2, 7, 12, 13, and 15.
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LITERATURE SURVEY
The application of liquid membrane to the separation of 
hydrocarbon mixtures is a relatively new technique among the 
other membrane separation processes. Li (3) and Shah (5) 
have successfully applied the technique to the separation 
of benzene-heptane and benzene-hexane, respectively.
While Shah reported a low separation factor of 6 for 
his system, Li using glycerol to stabilize the membrane 
reported values as high as 91 for the benzene-heptane system. 
Li employed the same surfactant, saponin, used in the pres­
ent study. The use of glycerol enabled Li to employ high 
mixing intensity without emulsifying the solvent.
Other systems studied by Li (2) are octane-octene, 
hexane-cyclohexane, octane-iso-octane, and steam cracked 
naphtha.
Although this process has not received commercial atten­
tion, the- success of this study and previous studies will 
eventually lead to its industrial application. Liquid 
membranes formed by surface active agents and solvents 
(known as solvent-membranes) have been applied in low pres­
sure ultrafiltration systems for waste water treatment (13) 
and hydrometallurgical separations (14). In waste water 
treatment the surfactant solution is used to form a thin
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liquid membrane at the interface of the saline solution and 
the solid membrane employed. In this way the liquid membrane 
helps to increase salt rejection.
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EXPERIMENTAL WORK
The experimental technique used in this study is similar 
to that employed by Shah (4), and it involves emulsifying 
the hydrocarbon mixture, contacting it with solvent, allow­
ing the resulting mixture to settle into two phases and dis­
tilling off the products from the phases. Conditions under 
which each variable was studied are reported along with the 
results. However, the method outlined below (under proced­
ure) was followed for all experimental runs. The reagents 
and equipment used and the procedure followed are presented 
below.
Reagents:
The reagents employed in this study were heavy mineral 
oil (U.S.P.), saponin (practical), and laboratory grade 
benzene, toluene, n-heptane, and n-hexane.
Equipment:
A drawing of the mixer used is shown in Figure 1-B. 
Constructed of 1/4” plexiglass, the mixer is cylindrical 
in shape and equipped with three vertical baffles. It has 
a centrally mounted four-blade impeller for good mixing.
Procedure:















Fig. 2. Structure of Liquid Membrane
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experiment.
1. Measure 80 ml of the system under investigation 
into the mixer.
2. Add the correct volume (see Tables 3-1 - 3-5) of 
the- surfactant solution to the mixture in the mixer and 
cover it.
3. Stir the contents of the mixer with a stirring rod 
until an emulsion is formed.
4. Further emulsify the mixture for three minutes 
using the electric stirrer at 1800 rpm.
5. Pour the emulsified mixture into a 500 ml separatory 
funnel.
6. Measure into the funnel the correct volume (see 
Tables 3-1 - 3-5) of the solvent and wash the mixture for 
three minutes. The solvent forms further emulsion with the 
mixture when contacted vigorously, hence the washing or con­
tact must be made gently by rolling the funnel between the 
hands.
7. Allow the mixture to settle in the funnel for one 
hour. It settles into three layers, a lower aqueous layer, 
a middle solvent layer (referred to as the extract phase), 
and an upper emulsion layer (raffinate phase).
8. Discard the aqueous layer and separate the other 
two layers for distillation.
9. Measure the refractive index of the distillates and
T 1595 11
determine their composition from the calibration curves.
10. Plot the mole fraction of the permeate in the 
extract against the appropriate variable. The resulting 
curve is the permeation curve.
11. Calculate the separation factor (a) from the 
relation
mole fraction of permeate in extract
_ mole fraction of permeate in raffinate_____
mole fraction of nonpermeate in extract 
mole fraction of nonpermeate in raffinate
For example5 for benzene-heptane system,
mole fraction of benzene in extract
mole fraction of benzene in raffinate
01 mole fraction of heptane in extract
mole fraction of heptane in raffinate
A sample calculation is presented in the appendix.
At this point it is worth clarifying the terms washing
and contact times. Washing time is the period during which
the emulsion is washed gently with the solvent, and contact
time is the sum of the washing time and settling time of
one hour. This definition of contact time allows one to
take into consideration the mass transfer during the washing
and settling periods. Note that after washing the mixture
«
is allowed to settle under gravity for one hour.
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RESULTS
As stated previously, the conditions under which each 
experimental run was made are reported with the results. 
Refractive indices are corrected to 20°C before using the 
calibration curve. It must be remembered that the separa­
tion factor is based on the more permeable component (per­
meate) of each system, and the mole fraction of the permeate 
in the extract represents the permeation. The results are 
presented in Tables 1 to 5. All the runs were made at room 






































rH JD G *H6 E
feS. O  O g  r l  C\J
o  o o o o o  on •• ••
oo in  i—i t>- o n vo  on rH



























C  P  
•H G 
G 0  
6  G >  















P  *5  ̂•HW 0 
O rHft O
















P  V5. •H




•H ^  
P•H 0 







I G  PC O £ 0 *H
O  P  > 3
£  cd o  
O G 
O  P  V i
13
VO CM cn rH on CM o o
rH C— ■=r in c— OO o on
« • • • • © • •
on ^3- CM on in O ON vo
rH CM CM CM CM
o -H" CM CM o cn in vo
. • • » • • • •
cn CM O rH rH o vo oo
•=3- in vo VO vo vo in in
O VO oo OO o i—I in .=r
. • • . s © • 9
b - cn OO ON ON on rH
in ■=T on on on on •=3- <23"
oo b - o o CM on vo O
ON in vo in in in o CO
CM CM i—i rH i—i i—i CM rH
-=r -=r ■=r -=r -=r -=3" -=3* ■=T
• . » . • © • ©
rH i—l rH rH 1—1 rH rH rH
O o cn on o rH o O
• • 0 . • 9 • •
CM b - VO VO vo 1—1 in
CM rH CM
O o 1—1 b - o ON o o
. • • • • © o ©
OO on on on •H- CM ON in
b - on cn cn ON ON OO b -
on oo o e'­ on E'­ •=3" oo
vo on o er) rH en on rH
VO oo cn cn cn oo oo VO
-=T -=T •=r •=3- -=3" -=3" •=3- -=3"
• • • . • a O •
rH i—1 rH i—1 rH rH rH rH
CM -=3- o CM CM ■=T o
VO VO CM on CM vo vo O
© • 0 • • © • •
on rH vo vo cn ON in
rH CM CM CM rH
in -=r ■=3" in vo CM in o
. . 0 « . • • •
oo in CO on CM rH in ON
-=3- -=r in vo vo vo in in
in vo vo in ■=3" CM in o
. • • • © • © •
b - -=r rH vo oo OO -=r rH
in -=r -=J- on on on p - ■=r
oo b - OO ON cn ON vo
oo CM b - CM on in r—1 b -
CM CM rH rH rH CM CM rH
•=r •=3" •=3- ■=r -=3" -=d- p - -=r
* • . • • • « •
i—i 1--1 rH i—l rH rH rH rH
VO in CM CM O vo in CM
. • • . • a • •
o vo VO VO vo t— rH CM
CM rH CM
-=r in OO oo CM in oo
* • • . • . © 0
cn on on on -=3- on oo b -
t— on ON cn ON cn oo b -
on oo vo i—I -=3- o -=3- H
■=3- On cn o O ON o oo
VO oo oo cn cn oo oo vo
•H" -=r -=r -=3- -=3" •=3" ■=T -=3-
« . • . • • • 9
rH rH rH rH rH rH rH «H
rH on in b - O on in 00
. « • • • • • •





























































































H  XJ £  «H £ 1
E o  fe p  E ■65. OO E rH 
o  o  co t— co  ••  in
oo in  i—11— on vo  on •
I I I I I I I l
£O
•H















O £ P TOT3 P £ O CDCD P P CD Cd CDCD P cd E pfo IQ £ P £O CD EH O O<£ ft ft O Po E ■6 bOo CD £ P PCD O EhP £ £E £ CD CD£ to 6 £ > >H CD s o P rH r—1O <D Pm o P O O
>  Pm K  DC CO CO CO
on b - VO in ■=3"
in on in o P
8 • 9 9 9 •
oo P CM •=3" in
P P P p
£ o -=3* in O on
O Ph • » 9 • •
P w in in in




P ft o vo m O P
cd 6 » 9 9 • •
£ o o in CM in in ■=3"
•H o Eh in in in in in
Cm
Cm oo oo oo oo oo
W cd C\J CM CM CM CM
s DC o vo vo in< P vo on vo in in
Eh ft on on on on onPm -=r -=3" -=r ==3" •sr
W o 9 9 9 9
«1 p P P P P1
w £
a o Pm b— o o b~ o
w •rH w 9 o ® a 9
to p W co t— vo in m
iJ p
o CO V5.
Eh O on o o on o
ft ® 9 • • ©
6 O P on -=3" in
o Eh ON on on ON ON
o
P OO oo oo oo p
o CM CM CM CM CVJ
cd OO in IP P on
£ P O on -=r in vo
P ft OO oo oo oo oo
X -=r -=r -=T ■=T -=3-
H 9 9 • 9 9
P i—i P P P
o in o in m
in ■=r o on on
• 9 9 • •
8 rH CM on on on
CM CM CM CM CM
£ OO O o m in
O Pm • 9 9 • 9
P W b - b— P vo VO
P tX -=r ■=3" •=3" ^3- -=T
P
CO
CD O CM O O in in
P f t 9 • • 9 9
cd E CO CM on on on on
£ o in in in m in
P O
Cm
(m p on p CM CM
W cd on on on on on
S3 IX on oo p b~ in
< P on on b- -=r
Eh f t CM CM CM CM CM
Pm -=3" •̂ 3" -=r •=r ■=3"W 9 9 9 9 •
K1 P P P P P1W £
!s o Pm VO oo m in
W p w 9 9 • 9 •




ft -=3- CM on m in
p £ • 9 9 • •
o O CO in vo vo vo vo
cd o ON on cr\ ON O n
£
P p on on CM P
X on on on on on
W in oo CM o o
P vo vo ip oo ON
£ oo oo oo oo oo
-=r •=3" -=r -=r -=3-
9 9 9 o •
P P (--1 rH rH
O
P in o in o o
P CM in b~ o in






Extract Composition Separation Factor
Run at 77°F Run at 88°F ----------- -— ---------
Mol i Mol % Run at 77°F Run at 88°F
Ratio B HEP B HEP
0.25 95.4 4.6 96.0 4.0 21.50 21.71
0.50 96.2 3.8 96.3 3.7 22.45 22.62
0.75 96.3 3.7 96.4 3.6 23.00 23.20
1.00 96.5 3.5 96.6 3.4 23.35 23.57
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DISCUSSION OP RESULTS
In this section the results of the study will be dis­
cussed under the headings Surfactant Concentration, Surfac­
tant Ratio, Solvent Ratio, Peed Composition, Washing Time, 
and Temperature.
Surfactant Concentration
From Table 1 and Figure 3> both the permeation rate and 
separation factor vary non-linearly with the concentration 
of surfactant solution. The separation factor increases from 
a minimum of 3 to a maximum of 25-5 and decreases as the con­
centration increases from 0.1# by wt to 1.8# by wt. The 
maximum value occurs at a concentration of 0.9$* Shah (4) 
has reported a maximum value occurring at a concentration of 
1# by weight.
An explanation of this behavior may be found from the 
structure of the membrane (7) and viscosity effects. The 
liquid membrane around a hydrocarbon droplet (3) has two 
surfactant layers with a layer of water in between them 
(see Figure 2). At low concentration there is a thick layer 
of water in between the two layers, thus producing a very 
thin membrane which becomes unstable and breaks up. This, 
coupled with the fact that the mass transfer is controlled 
by the solubility of the permeate through the thick aqueous
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layer, accounts for the low separation factor. However, as 
the concentration increases, the aqueous layer decreases, 
producing thin membranes stable enough for higher permeation 
rate and hence higher separation factor.
At higher concentrations {>!%) the viscosity of the 
surfactant solution increases while the thickness of the 
water layer decreases. A more viscous membrane has a very 
thick wall resulting in low mass transfer. It can thus be 
concluded that both the permeation rate and separation 
factor should decrease at higher surfactant concentration.
Furthermore, increasing the surfactant concentration 
from zero decreases rapidly the interfacial tension X of the 
emulsion to a limiting low value (9)» After reaching this 
value, increasing the concentration has very little effect, 
if any, on X. Interfacial tension is regarded as a very 
important factor in determining the stability and. particle 
size of emulsion. In fact, a low X is favorable to forming 
stable emulsion. Therefore as the surfactant concentration 
is increased, a stable emulsion is formed resulting in higher 
permeation rate and a. 'However, above an optimum concentra­
tion, this effect ceases, since no improvement in either 
stability or size reduction is- achieved.
A. single fitting' curve is drawn through the points for 
benzene-hexane and benzene-heptane (see Figure 3)* Only one 
curve has been drawn because for these systems the permeation
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through the membrane is determined more by the permeate 
structure and not by that of the less permeable member of 
the system.
Surfactant Ratio
The success of this separation technique requires the 
formation of emulsion-size droplets from a dilute aqueous 
surfactant solution (8). To achieve this a minimum amount 
of surfactant solution (10) is required for a given feed- 
surfactant system. In this study it was found that for both 
benzene-heptane and toluene-heptane feeds, the minimum sur­
factant to feed volumetric ratio required is about 0.75 
(Figure 4).
The use of too small a volume ratio results in the for­
mation of a viscous emulsion which reduces the mass transfer 
through the membrane. Employing higher ratios above the 
minimum is not economical since no further improvement in the 
properties of the emulsion is achieved.
Solvent Ratio
The purpose of the solvent, is to receive the permeates- 
through the membrane (2). If this is the only function, 
then a minimum amount of solvent must be used to dissolve 
all the permeate around the membranes. After this minimum 
amount, no more material would be dissolved. That is as 
much as saying that when the quantity of solvent is increased
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to the minimum value,(minimum solvent ratio), the permeation 
rate and separation factor will increase initially, and then 
after the minimum ratio is reached they will attain constant 
values independent of the ratio employed. Consequently, it 
would seem that increasing the amount of solvent above the 
minimum would have no effect on either the permeation rate 
or separation factor. However, this is not the situation 
that was found in this study.
Increasing the solvent to feed ratio from 1 to 2.5 
causes an increasing trend in both permeation rate and a 
(Figures 6 and 7). Further increase of the ratio above 2.5 
causes a decrease in both values. This behavior was also 
observed by Shah (5).
Although the exact reasons for the above phenomena are 
not completely clear, stability of the emulsion droplets 
appears to be a contributing factor. When the membrane 
undergoes a mixing motion in the solvent phase, the outer 
surfactant layer (see Figure 2) is constantly being sheared 
away. Now from the theory of membrane structure advocated 
by Li (3)s the outer layer is constantly being replaced by 
free surfactant molecules suspended within the water layer 
(Figure 2). As a result, the water layer becomes ultra- 
thin producing, a thicker membrane and viscous emulsion, thus 
giving rise to a lower permeation rate and separation factor.
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Feed Composition
For a given membrane, the coefficient of mass transfer 
(permeability) varies directly with the diffusivity of the 
solute in solution and inversely with the thickness of the 
membrane. Diffusivity is directly related to concentration 
through Fick’s law. It can thus be inferred that permeabil­
ity is directly related to concentration of the solute.
Hence the permeation rate will vary with concentration.
Table 5 and Figures 8 and 9 demonstrate this point. Li (3) 
has suggested that this variation is partly due to the
structure and thickness of the membrane.
Washing Time
As stated previously, the purpose of the solvent is to 
receive the permeate. It is therefore apparent that the 
intimate contact between the solvent and the emulsified feed 
is very important. Considerable increase in yield and 
separation factor can be obtained by increasing the washing  
time and speed of mixing.
From Figures 11 and 12 it is seen that both the permea­
tion rate and separation factor increase as the w as hi n g  time
is increased. This increase is due principally to the pro­
longed contact between the two phases. However, after a. 
certain time period (depending on the stability of the drop­
lets), the' separation factor and the permeation rate show a 
decreasing trend which is a result of droplet breakup.
T 1595 34
It must be pointed out that the washing could not be 
made at any higher speed because intense mixing of the sol­
vent and the feed resulted in emulsifying of the solvent. 
Higher a could be achieved if the contact had been made at 
a higher speed due to a better contact.
Temperature
Viscosity and surface forces play important roles in 
emulsification. Low values of these forces are required for 
formation of stable emulsions. Now both viscosity and sur­
face tension are reduced with a rise in temperature. There­
fore, a rise in temperature will make emulsification easy 
and produce stable emulsions. Furthermore, increasing the 
temperature causes the membrane thickness to decrease, due 
to higher drainage rate (3).
Because stable and thinner emulsions give rise to a 
high permeation rate the permeation rate will increase with 
increasing temperature. Li (3) has, in fact, shown that 
this is true, and that the permeation rate increases expon­
entially with temperature. However, in this study no 
appreciable change was produced when one variable surfactant 
to feed ratio was studied at two temperatures (Figs. 4 and 5). 
The reason for this may be due to the low temperature range 
(77°F and 88°F) studied.
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CONCLUSIONS
Based upon the results of this study, the following 
conclusions are presented.
1.' Increasing the surfactant concentration results in 
increasing permeation rate and separation factor. However, 
at concentrations greater than 0.9$ by weight, the rate 
begins to decrease.
2. The minimum amount of surfactant to feed ratio (by 
volume) required to emulsify the feed is 0.75. No further 
improvement in emulsion properties is achieved by using 
higher ratios since the separation factor and permeation 
rate attain constant values.
3. A solvent to feed volumetric ratio of about 2.5-2.75 
is required to achieve maximum separation. Using ratios 
greater than 2.75 produce diminishing returns, since the 
permeation rate and separation factor decrease rapidly.
4. Membrane selectivity depends on the feed composi­
tion. For a given surfactant the permeation depends more 
ort the structure of the more permeable component of the 
system (see Figs. 2, 6, 7, and 10) than the. other components. 
The technique is effective for feed concentrations in the 
range of 10-70$ by volume. No appreciable separation is 
achieved with concentrations greater than.70$ (Fig. 9).
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5. Both separation factor and permeation rate increase 
with increasing washing time up to 25 min and decrease 
thereafter. This shows that the emulsion formed was quite 
stable. For benzene-hexanes Shah (4) reported a maximum 
value of a at a time of 10 min.
6. Variations of permeation rate with temperature were 
not pronounced (Figs. 4 and 5).
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TREATMENT OP ERRORS
Before the accuracy of any results Is stated, the 
errors encountered In arriving at the results must be 
assessed. There are a host of errors inherent in any experi­
mental measurements. Some of these errors are due to 
measurement, the method employed, and the precision of the 
apparatus. Precision errors are errors due to "built-in" 
errors of the apparatus employed. Errors of methods arrive 
from assumptions made and the type of method employed. For 
instance, in this study allowing the solvent-emulsion to 
settle under gravity may introduce some errors in permeation 
rate since emulsion breakup can occur under gravitational 
forces (13).
More often than not, the sources of errors are difficult 
to identify, to say nothing of quantifying them. However, 
in this section attempts will be made to identify some of 
these errors and assign a quantitative measure to them.
The major errors inherent in this study stem from
a) Refractive index measurement




The refractometer used in this study can be read accur­
ately to the third decimal place. The fourth decimal place 
can introduce an error of ±0.0002 in the refractive index.
It is estimated that this will further introduce an error 
of ±0.5$ in concentration.
The calibration curves which were prepared from measure­
ments of refractive index of known concentrations can be read 
to about ±0.2. This will result in a maximum error of about 
±1$ in concentration.
The distillation of the products can introduce serious 
errors in the concentration of the products. For instance a 
carry over of solvent into the distillate may increase or 
decrease the refractive index (refractive index of pure sol­
vent is 1.47422^0q)« To reduce the magnitude of this error 
the products were doubly distilled. Shah (4) using benzene- 
hexane and mineral oil has shown that there is no appreciable 
change in concentration of products due to distillation. 
However, an error of 2% in concentration will be assigned to 
this source of error.
There are other sources of errors resulting, from items 
like evaporation,• inaccurate volume measurement, contamina­
tion of products and reagents, and temperature fluctuations.
It has been assumed that the benzene, hexane, toluene and 
heptane used are pure reagents giving binary products. But 
this assumption is not strictly correct. To account for
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these sources an error of 5% will be assigned.
For maximum error these errors are combined linearly-to 
give a net error effect of approximately 9% in concentration. 
Since the separation factor is dependent on concentration, 
the error estimated above will reflect an error of different 
magnitude in a. This magnitude is estimated below.
If is an independent variable and 9 is a dependent, 
then the fractional error in the dependent variable is given 
by (11)
^ > 2 - i=l i i
where n is the number of independent variables. The use of
equation 1 requires a mathematical relation between the
variables. Now by definition
a  = f ( £ )  ( 2 )
A
where y is the mole fraction of the permeate in the extract
and x that in the raffinate.
Taking logarithms of both sides of equation 2 followed
by partial differentials.
91nct _ , dlnct _
31ny 5 '31nx
Substitute these into equation .1
2 ainm. ? 2 .ainrt. 2,r49l\ - r81na  ̂ + (91nct\ /£xr( “ 31nv ( + (31nxJ y xJ
-.(l)2 (^f)2 + (-1)2 (^f)2 = (^f)2 + (^f)2.y y A
For 9% error in concentration
4 X  = o. 09y x
C^5) 2 = (. 09)2 + (. 09)2 = 162 x lO-1*
vX
1 * 0 # 5
(AS) = + 12.73?.
Hence an error of 9% in concentration causes an error 
±1355 in the separation factor.
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APPENDIX A
CALCULATION OF MOLE FRACTION AND SEPARATION FACTOR
The properties of reagents used are listed In Table A-l. 
Table A-l. Properties of Reagents





*A11 density measurements were made at room temperature using 
specific gravity bottle.
Basis for Calculations = 1  ml of feed
System Components 1 & 2
Volume of Component 1 = V^ =
Volume of Component 2 = V^ = X^
where X^ and X^ are the volume concentration of compon­
ents 1 and 2 in the feed, respectively
Density Component 1 =
Density Component 2 =
Wt of.Component 1 =
Wt of Component 2 = ^2^2 = ^2P2
§ Mol of Component 1 “ X^p^/M^
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# Mol of Component 2 = X^p^/M^
where M^ and are the molecular weights of the eom-
and, consequently, mole fraction of component 2 Is calculated.
These calculations are set out on the following tables for
the three systems.
Using a 50-50 vol % feed of benzene-heptane as an example,
Wt of Benzene = .5 x .8824 = .4412 gm
Wt of Heptane = .5 x .6852 = .3426 gm
ponents
Total § Mols = X1p1/M1 + X2'p2/M2
. . Mole Fraction of Component 1 =
4412Mol of Benzene = * = 0.0055
Mol of Heptane
Mole Fraction of Benzene 0.00550.0055+0.003^ 
=  .6180
= 6l.Q0%
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If Y is the mole fraction of the permeate in the extract 
phase and X in the raffinate phase, then by definition the 
separation factor a.is given by:
„ = Y(l-X) 
a X(l-Y) ’
Prom Table 4 at contact time of 10 min for the system benzene- 
hexane,
Y = 97.2 or 0.972 
X = 45.4 or 0.454






The refractive Indices of hydrocarbons vary greatly 
with temperature. Therefore, for accurate results, all 
refractive index measurements must be made at a constant 
temperature or be corrected to a base temperature. In 
this study a constant temperature could not be achieved, 
so all measurements were corrected to 20°C through approxi­
mate relations derived for each system. The relations 
were derived as follows.
The refractive index of benzene, hexane, toluene*and 
heptane change by 0.00064, 0.00052, 0.00056, and 0.00050, 
respectively. For 1°C rise in temperature (see Table B-l), 
In this case it is assumed that the refractive index is 
linear with temperature. Now these changes are further 
assumed to be additive when the compounds form mixtures. 
Thus, for each system, the change in refractive index for 
1°C change in temperature is
0.00064 + 0.00052 Benzene-Hexane =   -------—
= 0.00058.
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Reagent 20°C . 25°C in Temperature
Benzene 1.50112 1.1(9792 0.00064
Hexane 1.37482 1.37226 O.OOO52
Toluene 1.49693 1.49413 0.00056
Heptane 1.38764 1.38511 0.00050
If is the refractive index at t°C, then the refractive
index at 20°C is given by
n20 = nt + 0.00058 (t - 20) (Bl)
Benzene-Heptane = 000^4 + 0.00050
= 0.00057
and, similarly,
n20 = nt + 0•0°°57 (t - 20)
i , , 0.00056 + 0.00050and for toluene-heptane - ----- -— 2-----
= 0.00053
with n20 = nt + 0.00053 (t - 20)
(B2)
(B3)
These equations appear on Figures B1-B9., which were prepared 
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Fig. B-2. Refractive index at 20°C.(?2o) vs Vol. %  Benzene in a
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Fig. B3. Refractive index at 20°C. (?20) vs Wt. %
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Fig. B*7. Refractive index at 20°C. (?2o) vs Mol. %




?20s ?t + 0 .00053  (t -20) 











1.370 2010 30 40 50 60 70 80 90 100
Fig. B-8. Refractive index at 20°C. (?~Q) vs Vol. %  
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M - Molecular Weight 
T - Toluene
V - Volume
X - Mole Fraction
Y - Mole Fraction of Permeate in Extract
p - Density
n2Q — Refractive Index at 20°C
nt - Refractive Index at t°C
a - Separation Factor
A - Interfacial Tension
T 1595 59
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